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doi:10.1016/j.jmii.2012.05.001Background/Purpose: Although pre-existing heart disease is the main predisposing factor for
pediatric infective endocarditis (IE), cases of IE in children without underlying heart disease
have been increasingly reported. This study reviews the clinical and laboratory characteristics
of pediatric IE patients with and without underlying heart disease, and presents the unique
features of patients with no apparent pre-existing heart disease.
Methods: Children who were admitted to our hospital from January 1991 to April 2011 and met
the Modified Duke criteria for definite or possible IE were retrospectively analyzed. Clinical
characteristics and laboratory data were collected by chart review.
Results: Forty-seven patients with a total of 48 episodes of IE were enrolled. Of these patients,
31 children (64.6%) had congenital heart disease (CHD), six (12.5%) had non-CHD chronic
disease, and eleven (22.9%) were previously healthy adolescents. Five patients with non-
CHD chronic conditions acquired infection from central catheter: two methicillin-resistant
Staphylococcus aureus (MRSA), two Candida albicans and one coagulase-negative Staphylo-
coccus (CoNS). The microbial pathogens in 11 previously healthy individuals were Strepto-
coccus viridans (n Z 3), methicillin-sensitive S. aureus (MSSA, n Z 2), Haemophilus
parainfluenzae (nZ 2), Staphylococcus lugdunensis (nZ 1), Enterococcus (nZ 1), and Diph-
theroid (n Z 1). In total, five of 17 non-CHD patients were infected with S. aureus (two MRSA
and three MSSA) and the vegetations in these five patients were detected in the right side of
the heart (tricuspid valve or right atrium). The average interval between onset of symptoms
and diagnosis of IE in the CHD and previously healthy groups was 18 and 31 days, respectively.
Patients in the previously healthy group were older and more often required surgical interven-
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122 Y.-T. Lin et al.Conclusion: Over one-third (35.4%) of cases of IE in children occurred in patients without pre-
existing cardiac disease. Early identification of these patients is critical and requires a high
index of suspicion. The pathogenesis of IE in previously healthy individuals is still uncertain,
but previous skin infection or dental problems may contribute to potential risk.
Copyright ª 2012, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. All rights
reserved.Introduction
The risk factors for infective endocarditis (IE) include cardiac
valvular abnormalities, rheumatic heart disease, prosthetic
valves, prior history of endocarditis, and healthcare-
associated bacteremia. Endocarditis is uncommon in indi-
viduals with healthy hearts. Although IE occurs less
commonly in children than in adults, the incidence of IE in
children appears to have increased in recent years, espe-
cially among those with predisposing risk factors.1e5
Recent reports have shown a continuing shift in the
epidemiology of pediatric IE toward a higher proportion of
children without pre-existing heart disease. Such a shift is
mostly related to the growing numbers of premature infants
and chronically ill children requiring indwelling central
venous catheters (CVCs) for the management of their ill-
ness.3e5 Many studies including those reported from
Taiwan6e10 have increased our understanding of IE in chil-
dren; however, information concerning patients without
underlying heart disease is limited.11,12 This paper presents
the demographic, diagnostic, clinical, and microbiological
features of IE in children with and without underlying heart
disease, and offers further information on IE in previously
healthy individuals.Patients and methods
Patient selection
This retrospective, descriptive study was performed in
Kaohsiung Veterans General Hospital (KVGH), a tertiary
referral hospital in Southern Taiwan. All consecutive pedi-
atric patients (age 18 years) with a diagnosis of definite or
possible IE in KVGH from January 1991 to April 2011 were
enrolled in the study. Patients were identified from our
hospital database using discharge diagnosis codes. Data
were collected from the patients’ medical, laboratory, and
imaging records. All interventions and echocardiography
were performed by the same medical team.
The Modified Duke criteria, which are used to evaluate
our patients, involve two major criteria: (1) the presence
of at least two positive blood cultures with typical
organisms consistent with IE, and (2) evidence of endo-
cardial involvement, primarily diagnosed using echocardi-
ography; and several minor criteria such as predisposing
cardiac condition or injection drug abuse, fever >38C,
vascular phenomena (arterial embolism, septic pulmonary
infarction, intracranial hemorrhage, Janeway lesions) or
immunologic phenomena (Osler nodes, Roth spots,
glomerulonephritis), and serological evidence of organismsconsistent with IE. To be enrolled in this study as definite
IE, patients had to meet one of the following criteria: (1)
the major two criteria; (2) one major and three minor
criteria; (3) five minor criteria; or (4) histopathologic
evidence obtained surgically. Patients were enrolled as
possible IE if fulfilling one major and one minor criterion.
Data collection
The following data were recorded: age, gender, underlying
diseases (including pre-existing cardiac disease or noncar-
diac disease), intravenous (IV) insertion or parenteral
antibiotic usage within 8 weeks before the onset of endo-
carditis, previous cardiac procedures (surgery or catheter-
ization within 8 weeks prior admission), IV drug addiction,
dental condition and interventions, presence of an
indwelling CVC at the time of diagnosis of IE, length of
hospitalization, clinical, laboratory and microbiological
data, vegetation location, complications of IE (defined as
embolic phenomena, heart failure, other organs failure),
treatment (included antibiotics and surgical intervention),
and outcome. Echocardiography and other imaging reports
were also collected. Microbiological data included blood
and intraoperative specimen cultures.
Definitions
Patients were categorized into congenital heart disease
(CHD) group (patients with pre-existing heart disease) and
non-CHD group. The non-CHD group consisted of two
subgroups: patients having underlying chronic conditions
other than CHD, and previously healthy individuals. CHD
was defined as “valvular” when defect involved only valves;
as “simple” when a single defect not in a valve was found,
including mainly ventricular or atrial septal defect, aortic
or pulmonary stenosis and coarctation of the aorta; or as
“complex” when more than a single defect was found,
mainly including tetralogy of Fallot, transposition of the
great vessels, total anomalous pulmonary venous return,
and double outlet of right ventricle, with other multiple
defects. An infection was defined as healthcare-associated
infective endocarditis (HAIE) when it occurred more than 48
hours after admission or within 8 weeks after cardiac
surgery or catheterization. All children who did not meet
the criteria for HAIE were classified as community-acquired
infective endocarditis (CAIE). Predisposing risk factors for
IE were defined as having underlying diseases (included pre-
existing cardiac disease or non-cardiac conditions),
previous cardiac procedures (surgery or catheterization)
within 8 weeks prior admission, indwelling CVC, or IV drug
abuser. Dental problems and interventions, and skin
Table 1 Underlying conditions among 47 patients (48
episodes) of infective endocarditis admitted to Kaohsiung
Veterans General Hospital from January 1991 to April 2011
Underlying condition Number of
episodes
Congenital heart disease (CHD) 31
Valvular 4
MVP 3b
Valvular AS 1
Simple 15
VSD (unrepaired/repaired) 12 (9/3)
ASD 1
CoA 1
Coronary AV fistula 1
Complex 12
TOF 5
DORV with other defect 3
TGA 2
TAPVR 1
TA 1
Without-congenital heart disease 17
Chronic disease 6
Prematuritya 1
H-F-M disease in vegetative state 1
Acute lymphoblastic leukemia 1
Corrosive injury with malnutrition 1
Hodgkin’s lymphoma 1
Intravenous drug abuser 1
Previously healthy 11
a The premature infant had two episodes of IE. The first
episode was associated with central catheter line infection and
resulted in a complication of mitral valve prolapse; the second
episode occurred 2 years later, but is not listed here.
b One of the three episodes was contributed by the premature
infant with MVP.
AS Z aortic stenosis; ASD Z atrial septal defect; CoA Z aortic
coarctation; DORV Z double outlet right ventricle; H-F-M
disease Z hand-foot-mouth disease; MVP Z mitral valve
prolapse; TA Z truncus arteriosus; TAPVR Z total anomalous
pulmonary venous return; TGA Z transposition of the great
arteries; TOF Z Tetralogy of Fallot; VSD Z ventricular septal
defect.
Figure 1. Age distribution in three groups of patients with
different underlying conditions.
Infective endocarditis in children 123wounds or infectious episodes were particularly recorded to
evaluate if they could be associated with predisposing risk
factors for IE in non-CHD patients.
Statistical analysis
Data analysis was performed using SPSS version 17.0 for
Windows. Categorical variables were compared using
Pearson Chi-square (c2) test or Fisher’s exact test in
univariate analysis. A two-tailed p-value <0.05 was
considered statistically significant.
Results
Patient characteristics and diagnostic features
During the study period, 48 episodes of IE were observed in
47 patients, including one premature infant who had IE
twice at 2.7 years interval. The majority (31/48, 64.6%) of
our patients had CHD. Six patients (12.5%) had non-CHD
underlying chronic conditions, and 11 (22.9%) were previ-
ously healthy (Table 1). There was a male preponderance
with male to female ratio of 2:1.
Fig. 1 depicts age distribution in patients with different
underlying conditions. The mean age for all patients was
9.2 years (range 3 days to 18.7 years). Cases of IE occurred
throughout the age spectrum in patients with congenital
heart conditions, especially those aged <4 years. In
contrast, IE cases in previously healthy children were seen
primarily in patients and aged >14 years. There was no
obvious age disparity observed among the few patients with
underlying chronic illnesses.
Based on the Modified Duke criteria, 34 patients (70.8%)
fulfilled the diagnosis of definite IE, and 14 (29.2%) possible
IE. Whereas all 11 patients who were previously healthy
met the definite IE criteria, only 19 of 31 (61%) children
with CHD met such criteria (Table 2). Blood cultures were
positive in 45 of 48 episodes (93.8 %) and only three
patients (6.2%) had negative blood cultures. The three
culture-negative patients, two with CHD and one previously
healthy, were diagnosed as definite IE by the following
criteria: two patients had positive echocardiographic find-
ings plus three minor criteria, and one patient was proven
by positive histopathological findings.
Thirty-two (66.7%) patients had documented vegetations
via transthoracic or transesophageal echocardiography.
Vegetations could not be determined by echocardiography
in 16 (33.3%) events; among these, 14 (87.5%) patients were
with CHD (p Z 0.026). Children with a structurally normal
heart or with isolated valvular defects were more likely to
have detectable vegetations in echocardiography (Fig. 2).
Clinical characteristics of IE patients with and
without congenital heart disease
The comparative clinical characteristics of patients with
CHD and non-CHD are shown in Table 2. Overall, the
differences between the two groups are limited. However,
when comparing the patients in the CHD and the previously
healthy groups, there were significant differences in
Table 2 Characteristics of infective endocarditis (IE) patients with and without congenital heart disease (CHD)
Characteristics CHD, n Z 31 Non-CHD, n Z 17 p*
Chronic
disease, n Z 6
Previously
healthy, n Z 11
Diagnostic
Definite/possible IE 19/12 4/2 11/0 0.095a
Positive/negative blood culture 29/2 6/0 10/1 1.000
Presence of vegetations 17 4 11 0.026b
Clinical
Age (y): mean  SD (range) 6.8  5.2 (0-18) 6.9  8.9 (0-18) 17.3  6.8 (14-18) 0.002c
Illness prior to diagnosis (days) 18  22 10  8 31  22 0.390
Fever over 2 weeks (n) 12 1 8 0.342
Embolic events (n) 5 2 4 0.131
CRP (mg/dl): mean  SD (range) 9.1  8.2 (0.8-30.6) 16.6  16.2 (1.0-37.6) 16.4  8.5 (4.9-28.5) 0.077
Hb: mean  SD (range) 11.4  2.7 (6.4-18.4) 10.5  3.1 (5.7-15.3) 9.2  1.6 (6.6-11.6) 0.023
History of dental problems (n) 7 0 2 0.460
History of infected skin/soft tissues (n) 0 0 3 0.005
Surgical intervention (n) 9 0 8 0.212d
Fatality during hospitalization (n) 6 1 0 0.396
CRP Z C-reactive protein; Hb Z hemoglobin; SD Z standard deviation.
*p value is between CHD vs. non-CHD, p < 0.05 is significant. Significant p value between CHD vs. healthy group included:
ap Z 0.018.
bp Z 0.007.
cp < 0.001.
dp Z 0.029.
124 Y.-T. Lin et al.several respects. The average duration between onset of
symptoms and diagnosis of IE in CHD patients and healthy
group was 18 and 31 days, respectively. The previously
healthy patients were older (age 17 vs. 6.8 years) and more
often required surgical interventions (73% vs. 29%). Overall,Figure 2. Cardiac anatomy correlated with echocardio-
graphic findings. aThe number under each bar represents
numbers of patients for each heart condition, and the fraction
indicates patients with/without vegetation; bvalvular defect:
defect involved only valve; csimple defect: a single defect not
of the valve.the most common presenting symptom was fever (39/48,
81.3%). Over half (54%) of all febrile patients had prolonged
fever (>2 weeks) prior to the diagnosis. Prolonged fever
occurred in 73% of patients who were previously healthy.
Other nonspecific symptoms included respiratory illnesses
(cough, hemoptysis, chest pain), gastrointestinal discom-
fort, CNS symptoms (headache, consciousness distur-
bance), malaise, body weight loss, and myalgia.
Eleven (22.9%) patients experienced systemic (including
brain, lung, kidney, or conjunctiva) embolism, and it
occurred twice more often in non-CHD than in CHD
patients, although this was not statistically significant.
Fifty-three percent (9/17) of non-CHD patients had “new”
murmurs at the time of diagnosis. The classic signs of IE,
such as Osler nodes, Janeway lesions, and Roth spots were
noted in only 2 (4.2%) of our patients.
Clinical characteristics and infections in 17 patients
without CHD are summarized in Table 3. Possible risk
factors for IE were identified in 5 of 11 (45%) patients,
including three with skin and soft tissue infections and two
with dental problems. Medical history revealed that one
child suffered cellulitis on the left thigh one week earlier
and received oral cephalexin therapy; two patients had
wound infections from skin abrasions in automobile acci-
dents one month previously and did not receive any anti-
biotics. Of the two children with dental caries, one
underwent dental extraction two months prior to becoming
ill with IE.
Four of the 5 patients infected with S. aureus in the non-
CHD group had vegetations in the right heart (including
tricuspid valve or right atrium); one patient with Candida
albicans IE had bilateral vegetations (left ventricle and
Table 3 Clinical summary of 17 patients with infective endocarditis without underlying heart disease
Patient Gender Age Underlying
condition
Initial presentation Past historya Acquisit
of infec n
Side of IE Blood culture Diagnostic
IE criteriaD T C A
1 M 3m Prematurity
(GA 30 weeks)
Fever and heart
murmur
CVC (þ) HAIE L Candida albicans Definite
2 M 7m Hand-foot-mouth
disease in
vegetative state
Fever and conscious
drowsy
CVC (þ) HAIE N CoNS Possible
3 M 1y3m Leukemia Neutropenic fever Port-A HAIE R MRSA Definite
4 M 2y5m Corrosive injury SOB, diarrhea CVC (þ) HAIE N MRSA Possible
5 F 17y11m Hodgkin’s lymphoma Neutropenic fever Port-A (þ) HAIE R,L Candida albicans Definite
6 M 18y10m IV drug abuser Fever, SOB, hemoptysis CAIE R MSSA Definite
7 M 14y9m Healthy Fever and left thigh pain Cellulitis one
week ago
(þ) CAIE R MSSA Definite
8 F 15y4m Healthy Fever, abdominal pain Skin abrasion
one month ago
CAIE L S. lugdunensis Definite
9 M 16y4m Healthy Fever, malaise CAIE L Enterococcus Definite
10 M 16y5m Healthy SOB, chest pain,
headache
CAIE L Diphtheroid Definite
11 F 17y11m Healthy Fever (þ) CAIE L H. parainfluenzae Definite
12 M 17y11m Healthy Fever, conscious change (þ) CAIE L H. parainfluenzae Definite
13 F 17y11m Healthy Fever, SOB, headache CAIE L Viridans streptotoccus Definite
14 M 18y1m Healthy Fever, SOB, hypotension CAIE L negative Definite
15 M 18y2m Healthy Fever, SOB, headache CAIE L Viridans streptotoccus Definite
16 M 18y6m Healthy Fever, SOB Skin abrasion
one weeks ago
CAIE R MSSA Definite
17 M 18y6m healthy Fever, SOB,
chest tightness
CAIE L Viridans streptotoccus Definite
CAIE Z community associated infective endocarditis; CoNS Z coagulase negative Staphylococcus; CVC Z central venous cathet HAIE Z hospital associated infective endocarditis;
L Z left side vegetation; MRSA Z methicillin resistant Staphylococcus aureus; MSSA Z methicillin sensitive Staphylococcus au us; N Z no vegetation; R Z right side vegetation;
SOB Z shortness of breath.
a Within two months prior to admission: dental problem or intervention (D), external trauma or skin infection history (T), usage of tral catheter (C), prescription of antibiotic before IE
episode (A).
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126 Y.-T. Lin et al.superior vena cavaeright atrium junction) as well as septic
emboli in the brain. Vegetations in other non-CHD patients
were discovered in the left side of the hearts (including
mitral valve, aortic valve, or both).
Microbial pathogens
Microbial pathogens isolated from blood cultures are shown
in Table 4. The most common bacterial isolates were
Streptococcus viridans (33%) and S. aureus (27%). Together
they accounted for 60.4% (29/48) of all blood culture
isolates. Of the 16 Streptococcus viridans, 13 (81%) were
from patients with CHD and 3 (19%) from non-CHD patients.
Among 13 S. aureus isolates, 8 were from CHD and 5 from
non-CHD patients. MRSA and MSSA were evenly distributed
among patients with CHD and non-CHD. All Candida albi-
cans were from patients with CHD (n Z 3) and chronic
conditions (n Z 2) associated with HAIE, and none in the
healthy group. Other causative pathogens in patients with
CHD included Enterococci (n Z 2), coagulase-negative
Staphylococci (CoNS, n Z 1), Klebsiella pneumoniae
(n Z 1), and Pseudomonas aeruginosa (n Z 1).
Various pathogens were isolated from 9 patients with
dental conditions, these included five viridians group strep-
tococci, one each of MSSA and Candida albicans in the CHD
group, and two b-lactamase negative H. parainfluenzae in
previously healthy patients.
Management and outcome
Antimicrobials were administrated to all patients. The
mean duration of parenteral antibiotic administration was
41 days (range 14e60 days). In addition, 17 patients also
underwent surgical interventions. The need for surgical
interventions varied greatly among the groups: it was
highest in previously healthy patients (8/11, 72.7%), fol-
lowed by CHD (9/31, 29%) and non-CHD with chronic
conditions (0%). All 8 patients who had surgical interven-
tions in the previously healthy group underwent valve
replacement. The indications for surgery included large
vegetation (>10 mm) or abscess, destructive lesion of the
valve (perforation, chordae rupture, fistula), severe aorticTable 4 Microbial pathogens isolated from blood cultures in infe
disease (CHD)
Pathogens CHD, n Z 31
Streptococcus viridans 13
Staphylococcus aureus 8
Candida albicans 3
Enterococci 2
CoNS 1
Haemophilus parainfluenzae 0
Klebsiella pneumoniae 1
Pseudomonas aeruginosa 1
Diphtheroid 0
Negative 2
CoNS Z coagulase-negative staphylococci.or mitral regurgitation with heart failure. In the CHD group,
only 3 underwent valve replacement, and the other 6 had
surgery for vegetectomy and repair of CHD. Seven (14.6%)
patients died during hospitalization: six in the CHD group
and one in the non-CHD group. The only patient who died in
the non-CHD group was a 7-month-old infant who had
a severe hand-foot-mouth disease with rhombencephalitis
in a vegetative state. He died of CoNS sepsis and multiple
organ failure probably resulting from healthcare-associated
infection. Pathogens isolated in these seven fatal cases
were the usual pathogens including viridians group strep-
tococci (n Z 3), CoNS (n Z 2), MRSA (n Z 1), and Candida
albicans (n Z 1).
Discussion
The diagnostic criteria and epidemiologic features of
infective endocarditis have continued to evolve in recent
years. The Duke criteria, introduced in 1994, have been
widely used as a sensitive tool for the clinical diagnosis of
IE. However, some uncertainty remains and modifications
of the Duke criteria have emerged.13 In our series, 71% of
our patients met the Modified Duke criteria as definite IE
and 29% possible IE. This is comparable to 34% (37/109) of
possible IE previously reported in Taiwan.6
In recent decades, IE in children has had significant
demographic and epidemiological changes: a decreasing
incidence of rheumatic heart disease, an increasing
number of children without pre-existing heart disease,
and the ever-changing infecting pathogens.2,3,5 In an
earlier study from Taiwan,7 11% of the IE children were
found to have rheumatic heart disase. In contrast, our
current series along with another report8 found no cases of
underlying rheumatic heart disease. Recent observations
on pediatric IE indicated that approximately 12% to 26% of
the cases were patients without pre-existing heart
disease,2,3,8 and most of these patients were premature
neonate or chronically ill who acquired IE from indwelling
central catheters. During our 20-year study period, we
found that over one-third (35.4%) of our IE cases were
patients without pre-existing heart disease. We had only
one premature infant with the diagnosis of IE in the firstctive endocarditis patents with and without congenital heart
Non-CHD, n Z 17
Chronic disease, n Z 6 Healthy, n Z 11
0 3
3 2
2 0
0 1
1 1
0 2
0 0
0 0
0 1
0 1
Infective endocarditis in children 127decade, and four patients with other chronic underlying
conditions had IE in the second decade. All five patients
acquired IE from the indwelling central catheters (MRSA,
Candida, CoNS). In our series, the number of IE cases
related to prematurity and chronic underlying conditions
was smaller when compared with some other reports.
A possible explanation for this difference might be related
to the selective referral of patients to the medical
centers, namely expertise of the medical staff and facility
of the hospitals (such as neonatal ICU, oncolo-
gyehematology center). Our hospital, which lacks a large
neonatal ICU and pediatric oncology unit, has been known
as one of the referral centers for the care of cardiac
diseases , including congenital heart disease and infective
endocarditis.
It was unexpected that 11 (22.9%) previously healthy
adolescents would become IE victims. They were evenly
distributed in the first and second decades, with five and six
patients respectively. Literature information on IE in
previously healthy children is relatively sparse, and the
pathogenesis and underlying risk factors remain largely
unknown. In a recent study, Marom et al14 reported nine
(18%) IE patients who were previously healthy. In a cohort
of randomly selected healthy junior high school children, by
echocardiography and Doppler studies, Steinberger et al15
found that 3.6% (13/357) had asymptomatic but signifi-
cant cardiac abnormalities. In a most recent study, Castillo
et al16 also described an increased proportion of cases
(from 25% to 67%) without predisposing heart disease, and
a high percentage (79%) of patients who were unaware of
their predisposing heart condition. It remains to be deter-
mined whether some of these apparently healthy adoles-
cents with asymptomatic and undetected cardiac
abnormalities pose an increased risk for IE. Among our 11
previously healthy children (all met the Modified Duke
criteria) five (45%) had potential risk factors for IE,
including three with history of infected skin/soft tissue and
two with dental health conditions. Blood cultures were
positive from all five patients: two S. aureus and one S.
lugdunensis from children with skin and soft tissues infec-
tions, and H. parainfluenzae from both children with dental
problems.
H. parainfluenzae, one of the oral and upper respiratory
tract flora, is part of HACEK group (Haemophilus spp.,
Actinobacillus actinomycetemcomitans, Cardiobacterium
hominis, Eikenella corrodens, and Kingella kingae) of
Gram-negative bacteria that are responsible for a small
percentage of endocarditis cases. Risk factors for devel-
oping H. parainfluenzae endocarditis include dental work,
cleaning of teeth, nasopharyngeal infection, tongue
piercing, and the use of tongue scrapers.17e20 H. para-
influenzae is the most common (31%) pathogen in HACEK
endocarditis in pediatrics,21 and more than half (7/13) of
cases were without prior cardiac abnormality; the age of
patients was distributed mainly in the late teenage years.
Among all age groups, the average age of patients with H.
parainfluenzae endocarditis was 27 years,22 and over 60% of
the patients had no identible predisposing illness. Strom
et al23 conducted a large-scale, case-control study to
identify the risk factors for IE and also reported that cases
infected with dental flora were more likely to have teeth
than not, and to have poorer dental hygiene.Earlier studies indicated that S. aureus bacteremia was
considered to be at low risk (about 2e13%) to develop into
S. aureus endocarditis.24e26 However, S. aureus is now one
of the most common pathogens of IE in the developed
world,27,28 and the proportion of IE due to S. aureus
seems to be increasing in both community-acquired and
healthcare-associated modalities.23e28 From these reports,
CAIE were often associated with skin infection or pneu-
monia,27,28 whereas HAIE with intravascular devices. In
these studies, S. aureus bacteremia or endocarditis
often occurred in the elderly and in patients with
chronic underlying disease (such as chronic lung disease,
hemodialysis, diabetes mellitus) or with long periods of
intravascular device. Others have also described that
community-associated MRSA (CA-MRSA) has became an
emerging pathogen in IE.28 Furthermore, MSSA native IE and
CA-MRSA native IE have been associated with young healhy
individuals,28 and a large proportion of cases have had
documented history of skin lesions or IV drug use. Our
findings support the observations of others that our five
patients in the non-CHD group had infection with S. aureus:
two MRSA with HAIE and three MSSA were community
associated (one IV drug abuser and two skin infection); and
four of them had vegetations in the tricuspid valve or right
atrium (vegetation was undetectable in one patient).
Our echocardiographic studies indicated that vegeta-
tions were more common in patients who were previously
healthy than those with underlying cyanotic complex
heart disease. It is likely that a low index of suspicion and
a delay in diagnosis (31 days of illness) of IE among
previously healthy patients might have contributed to
a higher proportion of patients with vegetations. Diagnosis
of IE in a previously healthy child, although rare, remains
a challenge to clinicians. Nevertheless, prolonged fever,
anemia, and heart murmur in a previously healthy child,
with or without history of skin infection or oral health
problem, should raise the index of suspicion and deserve
an IE work-up.
Prevention of IE has continued to be problematic and
challenging. The newest guidelines from AHA (American
Heart Association, 2007, USA)29 and NICE (National Institute
for Health and Clinical Excellence, 2008, UK)30 have sug-
gested that the IE prophylaxis should be restricted to those
with underlying cardiac conditions associated with the
highest risk of acquisition of IE or of adverse outcome from
IE, such as patients with a prosthetic cardiac valve,
previous or relapsing IE episodes, and some types of CHD.
Improving dental health and maintaining good habits of
dental hygiene are more crucial to reduce transient
bacteremia, which is one of the factors for IE.
As in other retrospective studies, there are several
limitations in our report. Although we were able to identify
IE in previously healthy adolescents, but few data were
available to help understand the pathogensis. In addition,
the information on risk factors was not fully assessed in
each patient. Our data on clinical course and follow-up
(such as duration of becoming afebrile, clearance of path-
ogens in blood culture, or vegetation become undetectable
after prescription of antibiotic) were not complete. Our
diagnostic blood cultures were obtained on the day of
admission (or of raised suspicion of IE for long-term hospi-
talized patients), prior to administration of antibiotics;
128 Y.-T. Lin et al.however, the precise timing between two sets of blood
sampling was not recorded. In spite of these limitations, we
have added useful information on IE in children without
underlying heart condition, and provided new information
on this serious infection in previously healthy adolescents.
Our report also suggests the need for further studies on the
pathogenesis and prevention of IE in previously healthy
individuals.Acknowledgments
We thank Professor Cheng T. Cho for his review of the
manuscript. This work was supported by a grant (VGHKS
100-087) from the Kaohsiung Veterans General Hospital,
Kaohsiung, Taiwan.References
1. Ashkenazi S, Levy O, Blieden L. Trends of childhood infective
endocarditis in Israel with emphasis on children under 2 years
of age. Pediatr Cardiol 1997;18:419e24.
2. Martin JM, Neches WH, Wald ER. Infective endocarditis: 35
years of experience at a children’s hospital. Clin Infect Dis
1997;24:669e75.
3. Rosenthal LB, Feja KN, Levasseur SM, Alba LR, Gersony W,
Saiman L. The changing epidemiology of pediatric endocarditis
at a children’s hospital over seven decades. Pediatr Cardiol
2010;31:813e20.
4. Ferrieri P, Gewitz MH, Gerber MA, Newburger JW, Dajani AS,
Shulman ST, et al. Unique features of infective endocarditis in
childhood. Pediatrics 2002;109:931e43.
5. Day MD, Gauvreau K, Shulman S, Newburger JW. Characteris-
tics of children hospitalized with infective endocarditis.
Circulation 2009;119:865e70.
6. Weng MC, Chang FY, Young TG, Ding YA. Analysis of 109 cases of
infective endocarditis in a tertiary care hospital. Zhonghua Yi
Xue Za Zhi (Taipei) 1996;58:18e23.
7. Chen SC, Hsieh KS, Wang YJ, Chen YJ, Chi CS. Infective endo-
carditis in infants and children during the past ten years.
Zhonghua Yi Xue Za Zhi (Taipei) 1994;53:109e15.
8. Wei HH, Wu KG, Sy LB, Chen CJ, Tang RB. Infectious endo-
carditis in pediatric patients: analysis of 19 cases presenting at
a medical center. J Microbiol Immunol Infect 2010;43:430e7.
9. Wu MH, Wang JK, Lin MT, Wu ET, Lu FL, Chiu SN, et al.
Ventricular septal defect with secondary left ventricular-to-
right atrial shunt is associated with a higher risk for infective
endocarditis and a lower late chance of closure. Pediatrics
2006;117:262e7.
10. Chao HC, Chiu CH, Huang YC, Lin TY, Su WJ. Endocarditis due
to Neisseria sicca: report of one case. Zhonghua Min Guo Xiao
Er Ke Yi Xue Hui Za Zhi 1997;38:229e31.
11. Liao CH, Yao TC, Chung HT, Lien RI, Huang JL. Staphylococcal
endocarditis and multiple emboli in a patient with systemic
lupus erythematosus. J Rheumatol 2004;31:2305e6.
12. Chang HH, Lu CY, Hsueh PR, Wu MH, Wang JK, Huang LM.
Endocarditis caused by Abiotrophia defectiva in children.
Pediatr Infect Dis J 2002;21:697e700.
13. Naber CK, Bartel T, Eggebrecht H, Erbel R. Diagnosis of endo-
carditis today: duke criteria or clinical judgment? Herz 2001;
26:379e90.14. Marom D, Levy I, Gutwein O, Birk E, Ashkenazi S. Healthcare-
associated versus community-associated infective endocarditis
in children. Pediatr Infect Dis J 2011;30:585e8.
15. Steinberger J, Moller JH, Berry JM, Sinaiko AR. Echocardio-
graphic diagnosis of heart disease in apparently healthy
adolescents. Pediatrics 2000;105:815e8.
16. Castillo JC, Anguita MP, Ruiz M, Pen˜a L, Santisteban M,
Puentes M, et al. Changing epidemiology of native valve
infective endocarditis. Rev Esp Cardiol 2011;64:594e8.
17. Lynn DJ, Kane JG, Parker RH. Haemophilus parainfluenzae and
influenzae endocarditis: a review of forty cases. Medicine
(Baltimore) 1977;56:115e28.
18. Nwaohiri N, Urban C, Gluck J, Ahluwalia M. WehbehW.
Tricuspid valve endocarditis caused by Haemophilus para-
influenzae: a case report and review of literature. Diagn
Microbiol Infect Dis 2009;64:216e9.
19. Friedel JM, Stehlik J, Desai M, Granato JE. Infective endo-
carditis after oral body piercing. Cardiol Rev 2003;11:252e5.
20. Redmond AM, Meiklejohn C, Kidd TJ, Horvath R, Coulter C.
Endocarditis after use of tongue scraper. Emerg Infect Dis
2007;13:1440e1.
21. Feder Jr HM, Roberts JC, Salazar JC, Leopold HB, Toro-
Salazar O. HACEK endocarditis in infants and children: two
cases and a literature review. Pediatr Infect Dis J 2003;22:
557e62.
22. Darras-Joly C, Lortholary O, Mainardi JL, Etienne J, Guillevin L,
Acar J. Haemophilus endocarditis: report of 42 cases in adults
and review. Clin Infect Dis 1997;24:1087e94.
23. Strom BL, Abrutyn E, Berlin JA, Kinman JL, Feldman RS,
Stolley PD, et al. Risk factors for infective endocarditis: oral
hygiene and nondental exposures. Circulation 2000;102:
2842e8.
24. Mylotte JM, McDermott C, Spooner JA. Prospective study of 114
consecutive episodes of Staphylococcus aureus bacteremia.
Rev Infect Dis 1987;9:891e907.
25. Røder BL, Wandall DA, Frimodt-Møller N, Espersen F, Skinhøj P,
Rosdahl VT. Clinical features of Staphylococcus aureus endo-
carditis: a 10-year experience in Denmark. Arch Intern Med
1999;159:462e9.
26. Chang FY, MacDonald BB, Peacock Jr JE, Musher DM, Triplett P,
Mylotte JM, et al. A prospective multicenter study of Staphy-
lococcus aureus bacteremia: incidence of endocarditis, risk
factors for mortality, and clinical impact of methicillin resis-
tance. Medicine 2003;82:322e32.
27. Fowler Jr VG, Miro JM, Hoen B, Cabell CH, Abrutyn E,
Rubinstein E, et al. Staphylococcus aureus endocarditis:
a consequence of medical progress. JAMA 2005;293:3012e21.
28. Millar BC, Prendergast BD, Moore JE. Community-associated
MRSA (CA-MRSA): an emerging pathogen in infective endo-
carditis. J Antimicrob Chemother 2008;61:1e7.
29. Wilson W, Taubert KA, Gewitz M, Lockhart PB, Baddour LM,
Levison M, et al. Prevention of infective endocarditis guide-
lines from the American Heart Association: a guideline from
the American Heart Association Rheumatic Fever, Endocarditis
and Kawasaki Disease Committee, Council on Cardiovascular
Disease in the Young, and the Council on Clinical Cardiology,
Council on Cardiovascular Surgery and Anesthesia, and the
Quality of Care and Outcomes Research Interdisciplinary
Working Group. J Am Dent Assoc 2008;139(Suppl.):3e24.
30. Centre for Clinical Practice at NICE (UK). Prophylaxis against
infective endocarditis: antimicrobial prophylaxis against
infective endocarditis in adults and children undergoing
interventional procedures. London: National Institute for
Health and Clinical Excellence (UK); 2008 Mar.
